One of the main goals of precision agriculture researches is to define a suitable decision support system (DSS) for farm management with the goal of optimizing returns on inputs while preserving resources. Therefore, our long-term objective is the development of an adequate DEM model which can be adapted in the actual decision support system (DSS) to create a new model driven decision support system (MDDS) to refine operational parameters. In this study a preliminary step of our study is discussed: the predicted role of DEM modelling in decision making and a possible numerical model for corn stalk. The consequences of the study clearly demonstrate that the discrete element method is capable to reinforce agricultural decision support systems in the future and it is worth further analysing it.
INTRODUCTION
One of the main goals of precision agriculture researches is to define a preferably fully computerized decision support system (DSS) for farm management with the goal of optimizing returns on inputs while preserving resources (Chetty et al. 2014) . In most cases, these kinds of decisions need more and more accurate information from independent sources. In turn, the ways of agricultural analogue, in-situ data collection are limited in time and space because of the seasonal characteristics of agricultural crops. There is a need of an adequate method to calculate the physical and mechanical parameters of manipulated crops based on simple real time measurements. Our knowledge of the correlation of these parameters is very inadequate. The utilization of corn plants is remarkable worldwide; the corn production in the world is almost 1000 million tons, but a comprehensive numerical model with easily calibratible parameters for the existent in-situ circumstances is missing to determine the optimal working parameters for cutting or rolling units. Thanks to the natural diversity of physical and mechanical properties of agricultural materials, the accurate numerical modelling of these materials provides a huge challenge for researchers. In most cases during laboratorial or in situ tests, the parameters of interest usually show a wide confidence interval around the mean values. Nonetheless, these parameters could inordinately change in the same sample as well. To handle this problem a stochastic variation, as in the natural structures, should be used during the numerical simulations. The key to this could be the discrete element method (DEM) with the Timoshenko-Beam-Bond-Model (TBBM) which has the most potential for development (Brown et al. 2014) . DEM is widely used to investigate bulk agricultural materials. The micromechanical parameters of a sunflower DEM model were calibrated based on oedometer tests so that the model can sufficiently approach the macro mechanical behaviour of the real bulk material (Keppler et al. 2011) . In another study the effect of particle shape on flow was investigated by discrete element method simulation of a rotary batch seed coater (Pasha et al. 2016) . The soil-tool interaction and the relations in cohesive soil were examined by using the DEM (Tamás et al. 2013) . In connection with fibrous agricultural materials fewer analyses can be found. Reduced cutting speeds; energy efficiency and cutting quality were investigated during the interactions between grass stalk and the rotation mower by DEM (Kemper et al. 2014) . The removal and separation process of grapes from the stems in a destemming machine were examined by discrete element method (Coetzee and Lombard 2013) . Several possible structural stalk models (chain of spheres, enhanced chain of spheres, hollow structure and solid body) for fibrous agricultural material were defined by DEM (Jünemann et al. 2013) . A special solid geometrical structure of discrete element method (DEM) was analysed for corn stalks in quantitative and qualitative ways (Kovács et al. 2015) . Discrete element model application could reinforce the agricultural decision support system in countless areas: to estimate the uncollected mass and physical properties of chop for better soil mineral supplement, to prognosticate the quality of forage for more effective feeding, to validate yield maps based on simulation, to increase yield and to reduce fuel consumption during agricultural processes, etc. Consequently, the long term objective of the study is the development of an adequate DEM model which can be adapted in the actual decision support system (DSS) to create a new model driven decision support system (MDDS) to refine operational parameters. In this study a preliminary step of our study is discussed: the predicted role of DEM modelling in decision making and a possible numerical model for corn stalk.
THEORY AND BACKGROUND
Based on conventional DSS the new MDDS has been designed to get optimal machine parameters from real time and pre-calculated data acquired from a crop parameter database. The information dataset is based on in-situ and laboratory measurement data. The new method utilizes advantageously the latest technological, scientific results to be able to solve optimal adjustment problems of operational parameters of crop processing. The new method is constituted of eight different stages which are represented on Figure 1 : occurring of an optimal adjustment problem, database formation, storage of database, real time data collection, data processing, data digitalizing, decision making and act. The first step of the process is confronted by an optimal adjustment problem; an illustration of this is the definition of the optimal working parameters during an agricultural or a food production process. In parallel with that, the database formation begins. The database formation process results in a model-based crop parameter database that has two types of data: quantitative and qualitative. The next step is real time data collection in which the required in-situ input data about the investigated material, process and the actual circumstances are collected for the decision support system. Following this, in the data processing stage the collected data are transformed into the necessary form by mathematical and statistical methods. An illustration of this is when the measured densities of the specimens are recalculated to the numerical density of the digital representation of the specimens. After that, in the data digitalizing step the measured analogue data are digitalized in the numerical model. Then, the decision making is reinforced by evaluation of the digitalized insitu data and simulation results. Based on the decision the necessary act could be accomplished and the decision making process can start again. Considering the importance of maize in the global agriculture and the latest numerical methods from the field of agricultural simulations the new method was adapted to maize cultivation (especially for the processing of harvest-ready maize) and the discrete element numerical method (DEM) has been chosen.
MODEL FORMATION
Discrete element method (DEM) is developed to investigate bulk materials which contain separate parts. The definition of a DEM model is the following (Cundall and Hart 1993) : it contains separated, discrete particles which have independent degrees of freedom and the model can simulate the finite rotations and translations, connections can break and new connections can come about in the model. The previously described database formation stage of the model driven decision making process was separated into sub-stages, as shown on Figure 2 . In this system the parameter measurement step is made up of three parts: physical properties, mechanical properties of the selected material and technical properties of the selected technological process. Following this, the collected data from laboratorial and in-situ tests were converted in the data processing stage. The physical properties of the material have to be calculated and integrated into the geometrical model of the numerical method, for instance in case of the discrete element method the physical characteristic of the material has to be divided and integrated into discrete particles. The mechanical properties were calculated during a calibration process in which the relationship among the required mechanical properties of the numerical method and the measured mechanical properties were investigated. In case of the discrete element method, the relationship among the micromechanical parameters of the contact model and macro mechanical parameters of the maize specimens were analysed. During the model formation step of data processing the measured technical properties were simplified and transformed into the system of the numerical model. Naturally, during data processing the relationships and coherence among the different input and output parameters were studied. In the stage of characteristics adaptation the analogue input data were converted into digital data by numerical modelling. The coactions of the different model parameters are one of the crucial factors during the model formation so this phenomenon has to be analyzed during the process. The numerical model provides quantitative and image base qualitative results as well that were investigated during the decision making step. Based on the quantitative and image base qualitative model-based crop parameter database, the sub-parts in the decision making process could extrapolate the optimal adjustment for the problem.
MATERIALS AND METHODS
Our study focuses on the database formation stage of the model-driven decision support system. In the stage of parameter measurement, based on harvest and product processes of harvest-ready maize the main physiological, physical, mechanical and technical parameters were determined. For all tests, specimens were collected from the same field from the middle region of Hungary (GPS coordinates: N 47.743692; E 19.613025). The laboratorial tests were conducted in July, August, September and October, directly before harvesting. The majority of the in-situ tests were conducted simultaneously with the harvest so as to measure the actual characteristic of the processed material. In our study, root and leaves of the plant were neglected so these parts were removed from the maize stalks before the measurements. In July and August our study particularly focused on the physical and mechanical properties of the maize stalk. To define the physiological and physical parameters and changes of the stalk mass, moisture content, length, diameter and shape of nodes and internodes of the stalk were measured and taken down. To define the mechanical properties and behaviour of the stalk twopoint, three-point and four-point flexural, sideward compression, dynamic cutting and tension tests were conducted. The results of the measures and observations weren't directly usable for the modelling method so suitable data and graphs were calculated with mathematical and statistical methods for the numerical modelling during the data processing stage. Based on our previous study a hollow DEM geometrical structure with 18 particles was chosen for this analysis (Kovács and Kerényi 2015) . This geometrical model ensures detailed analysis with lower computational costs. Thanks to the natural diversity of physical and mechanical properties of agricultural materials a stochastic variation with value 0.6, as in the natural structures, should be used during the numerical simulations . For the more realistic simulations the real parts and motions of the machineries were simulated. The calibration was an iterative process between the data processing and the characteristic adaptation stage where the different sets of micromechanical parameters for TBBM were tested to find the right adjusting of the numerical mechanical model. The simulation results were evaluated by quantitative and image-based qualitative ways in order to acquire the necessary numerical data for making decisions; for instance to change the working parameters, to delay harvest etc. for the optimal maize processing.
RESULTS
The above-mentioned model-driven decision support system was tested on the physiological, physical and on the mechanical parameters through three-point flexural, sideward compression and dynamic cutting tests of the fourth internode of a maize stalk.
Digitalizing the physiological and physical parameters
Based on the evaluated physiological and physical parameters of the real stalk the digital geometrical model was formed in order to digitalize the real parameters of the stalk. During the model formation special features of the stalk (groove of the internode, surface deficiencies) were simplified and circular crosssections were used instead of ellipsoid. The numerical geometrical model is constituted of discrete element particles that represent the physiological and physical parameters (size, shape, density) in the defined volume, as shown on 
Digitalizing the mechanical parameters and behavior
During the calibration process, the relationship between the micromechanical parameters of the DEM model and the measured macro-mechanical parameters of the real stalk were analysed based on the three-point flexural test. To represent the transversely isotropic mechanical behaviour of the real stalk a special contact system was defined among the particles. This system was developed based on our experiments and the features of the applied DEM software (EDEM 2.7, DEM Solutions Ltd.). In the hollow geometrical structure, the mechanical properties of the internode were modeled by the connections among the same type of particles (P4:P4; P5:P5) in axial direction, and were modeled by the connections among the even-numbered and the odd-numbered type of particles (P4:P5) in tangential direction. The mechanical properties among the particles of the node and the internode were defined by P1:P5; P2:P4; P7:P5; P6:P4 in axial direction and the mechanical properties of the node were defined by the P1:P2; P6:P7 connections in tangential direction, shown as on Figure 4 . 
Quantitative results
The model was evaluated with quantitative and imagebased qualitative methods. During the quantitative method the real measure diagrams, from the three-point flexural test, sideward compression and dynamic cutting were compared with the simulation diagrams. The result from the three-point flexural simulation test is shown on Figure 5 . The sudden changes of the diagram came from the DEM geometry, because the sudden connection breaks and sudden movements of the particles resulted in the observed changes on the chart. The simulated results are nearly between the minimal and maximal results of the measure. The linear section and the contraction section of the simulation data approached the measured data very well. In the plastic joint section the bonds among the particles are broken continuously, therefore the simulated data fluctuate strongly and the mean values are beneath the measured value. Taking into consideration the elastic mechanical behaviour of the applied DEM bonded model (Timoshenko-Beam-Bond-Model) these results are acceptable. For more accurate results in the plastic joint section a new bonded is needed that could simulate plastic deformations. The simulation result of the sideward compression test is generally below the measured data of the real specimen, Figure 6 . Up to the 35% deflection rate, the simulation characteristics corresponds to the measured data very well, but between the 35% and the 70% deflection rate, the results are far below the measure characteristics thanks to smaller size of the applied particle radiuses. With larger particle size a higher compression resistance force could be generated in the model. In the end of the simulated compression process a dramatic increase of the curve can be observed. The measured dynamic cutting work and the radius of the confidence interval (P=95%) were 21.92±6.8 J and simulated dynamic cutting work was 14.89 J, so the difference from the average measured results is about 32%, which is an acceptable difference if the high variation and biodiversity among the same species of agricultural crops is taken into consideration.
Image-based qualitative results
During the image-based qualitative evaluation crosssection deformations, crashes, breaks of the model were compared with the observed experiences of the real specimens.
In course of the image-based qualitative evaluation of simulation results of three-point flexural test, the shape of the modelled sample with the real specimen at the point of maximum deformation and the residual deformation of modelled sample with the real specimen was compared, see Figure 7 . The bended cross-sections of the modelled specimens were crashed under the loading anvil just as the real specimen and the bended shapes of the modelled specimens were near the same as the real specimen. The residual shape of the specimen bended a little back (thanks to the more extended crashed zone) after the simulated bending process. In case of the qualitative evaluation of the sideward compression test the deformations and the damages of the cross-section were analysed, see Figure 8 . In the first stage, the initial shape of the specimens can be observed; while in the second stage, elastic deformation took place until the first break appeared in vertical direction. During the third stage, another break appeared in horizontal direction; while in the fourth stage, that is the end of the compression process, the model mimics well the behaviour of the real specimen. In the last stage, compression clamps returned to the starting point and an elastic deformation was conducted on the real specimen and in the model specimen as well. During the qualitative evaluation of the dynamic cutting test the surface of cut was analysed. In the model the cutting knife broke out the bottom part of the specimens, in turn, on the real specimen this phenomenon was not observed, the surface of cut was fully straight, see Figure 9 . 
CONCLUSIONS
Our study focuses on the digitalizing of analogue data from laboratorial and in-situ measures of maize and for that process the discrete element method has been chosen. Laboratorial three-point flexural, compression, dynamic cutting tests and tests in connection with harvesting were conducted to define the main physiological, physical and mechanical parameters and behaviour of corn stalks and ears from mid-summer to the harvesting date. During the model formation to select the right model that can best simulate the mechanical and physical properties and behaviour of the plant, the DEM simulations of the laboratorial and in-situ tests were conducted. With modifications of the geometry structure and the input parameters of the contact model, the right composition was found. Based on the results the following conclusions could be formulated:
(1) Theoretical course of model driven decision support system is usable to analyse the relationship among the physical and mechanical parameters of maize and operational parameters of farm machineries during harvesting. (2) The discrete element numerical models are capable of simulating the interactions among the parts of the machines and different parts of maize and compare the simulation and experimental results. (3) The discrete element numerical models are usable to form a model-based crop parameter database.
In the future, the current results and models can be adapted to more detailed simulations on finding the optimal harvesting parameters of machineries.
